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利用全骨髓贴壁培养法成功分离培养 MSCs。以 PLGA 和 PLGA/MWCNTs
膜为对照，将 MSCs 种植于 PLGA/c-MWCNTs 复合膜上进行细胞相容性评价，
用 SEM 观察细胞在支架材料上的黏附情况；分别使用 DAPI 染色、WST-1 检测
细胞在膜材料上的粘附和增殖；利用碱性磷酸酶活性（ALP）和茜素红实验对
MSCs 在膜材料上向成骨细胞的分化能力进行评估；采用 RT-PCR 法检测 MSCs
在复合膜上向成骨细胞的分化情况。  
研究结果表明，MWCNTs 经过混酸处理后得到的功能化 MWCNTs，即
c-MWCNTs 在溶剂中的分散性明显提高；通过 FTIR 和 TGA 结果显示，
c-MWCNTs 表面含有活性功能基团（羧基、羟基等）；TEM 显示，混酸处理的多
壁碳纳米管的直径和长度比原始多壁碳纳米管的直径和长度小和短，功能化多壁















合膜显示，混酸处理的多壁碳纳米管在 PLGA 聚合物中分散均匀。XPS 分析表
明，各类膜化学组分相似；接触角测试结果显示，复合膜的亲水性得到提高，
AFM 结果证实，复合膜表面粗糙度的增加导致复合膜亲水性的提高。力学性能
检测结果显示，c-MWCNTs 的复合提高了 PLGA 聚合物的力学强度；体外降解
实验结果表明，PLGA 和多壁碳纳米管修饰的 PLGA 膜均具有生物降解性。材料
表面的蛋白吸附结果表明，复合膜表面吸附的血清蛋白量比纯 PLGA 膜的蛋白吸
附量显著增加。 
PLGA 膜、多壁碳纳米管修饰的 PLGA 复合膜分别与 MSCs 进行体外共同培
养的结果表明，与单纯 PLGA 膜相比，MSCs 与复合膜表现出更好的细胞亲和性。
MSCs 在复合膜表面铺展良好，与复合膜形成紧密结合。碱性磷酸活性和茜素红
法检测钙离子以及 RT-PCR 法的实验结果均表明，PLGA/c-MWCNTs 能促进
MSCs 向成骨细胞方向分化。鉴于 PLGA 的易塑形等特点，本文的研究结果可为
制备三维 PLGA/c-MWCNTs 复合骨修复支架提供基础。 
 
















Poly (lactic acid - glycolic acid) copolymer (PLGA) with good biocompatibility 
and biodegradability has been widely used in the fabrication of bone graft substitutes. 
Carbon nanotubes, due to its intrinsic physical and chemistry properties, also hold 
great promise for use with more and more attention. In view of availability and 
amplifying in vitro for bone mesenchymal stem cells (MSCs), which hold good 
potential for differentiating into osteoblasts, suggesting that MSCs may be candidate 
cell source in the field of bone tissue engineering. 
In this study, MWCNTs were oxidized in a mixture of nitric and sulfuric acids. 
Then the carboxylated multi-walled carbon nanotubes (c-MWCNTs) were mixed 
homogeneously with PLGA to fabricate nanocomposite films by solvent casting 
technique. Carbon nanotubes were characterized by fourier transform infrared 
spectroscopy (FTIR) and thermogravimetry analysis (TGA). Surface characteristics of 
nanocomposites were analysed by means of scanning electron microscopy (SEM), 
transmission electron microscopy (TEM), atomic force microscopy (AFM), X-ray 
photoelectron spectroscopy (XPS) and static contact angle. Mechanical properties, in 
vitro degradation test and protein adsorption were used to evaluate the nanocomposite 
films.  
We successfully isolated and cultured in vitro MSCs from SD rat’s bone marrow. 
MSCs were seeded to PLGA, PLGA/MWCNTs and PLGA/c-MWCNTs films with 
tissue culture polystyrene as the control. The morphological characteristics of cells on 
films were observed with SEM and DAPI staining. WST-1 was used to assay the 
proliferation of cells. The differentiation of MSCs towards to osteoblasts on the films 
was detected with alkaline phosphatase (ALP) method and calcium concentration. The 
differentiation of MSCs cultured on different films was assayed by means of the 















The oxidized MWCNTs were highly dispersed in dichloromethane (DCM). The 
characterizations of FTIR and TGA confirmed that hydroxyl and carboxyl groups 
attached to MWCNTs, although the nanotubes structures were damaged a little by 
TEM assay. SEM and AFM observations revealed that c-MWCNTs gave a better 
dispersion than unmodified MWCNTs in the PLGA matrix. Addition of c-MWCNTs 
allowed a better hydrophilicity in the PLGA matrix according to the results of XPS, 
water contact angle, and the degradation in vitro. The MWCNTs and c-MWCNTs 
modified PLGA nanocomposite films possessed higher tensile strength than the 
FDA-approved PLGA, especially the PLGA/c-MWCNTs. 
SEM proved that the cells could adhere to and spread on films via cytoplasmic 
processes. Compared with control groups, MSCs cultured onto PLGA/c-MWCNTs 
nanocomposties exhibited better adhesion and viability and also displayed 
significantly higher production levels of ALP and calcium concentration. The MSCs 
cultured on the nanocomposites in osteogenic medium displayed a significantly higher 
mRNA expression of ALP, OCN and BSP as compared with the pure PLGA. These 
results demonstrated that c-MWCNTs modified PLGA films were beneficial for 
promoting of cell growth and inducing MSCs to differentiate into osteoblasts. This 
work presented here had potential applications in the development of 3-D scaffolds 
for bone tissue engineering. 
Keyword: Poly(lactic-co-glycolic acid); Multiwalled carbon nanotube; 
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骨胶纤维占有机质的 90%，主要由 I 型胶原蛋白组成，基质呈凝胶状，主要含中
性和弱酸性的糖胺多糖以及多种糖蛋白，最重要的是骨钙蛋白；无机成分主要是
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图 1.1 骨的结构示意图[4] 
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